An actinobacterium, designated strain CPCC 203993 T , was isolated from a rhizosphere soil sample collected from Heilongjiang Province, northeast China, and was characterized using a polyphasic taxonomy approach. Cells of the strain were Gram-stain-positive, non-motile and non-endospore-forming cocci. 
T represented a different genomic species from M. parietis. Chemotaxonomically, the strain contained LL-2,6-diaminopimelic acid as the diagnostic diamino acid, MK-9(H 4 ) as the only menaquinone, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, three unidentified glycolipids and one unidentified phospholipid in the polar lipids extracts, and anteiso-C 15 : 0, iso-C 15 : 0 and iso-C 16 : 0 as the major cellular fatty acids, without mycolic acids. The genomic DNA G+C content was 64.04 mol%. The above evidence from the polyphasic study merit the recognition of strain CPCC 203993
T as a representative of a novel species of the genus Microlunatus, for which Microlunatus nigridraconis sp. nov. is proposed. The type strain is CPCC 203993 T (=DSM 29529 T =NBRC 110715 T =KCTC 29689 T ).
In the past ten years, six novel members of the genus Microlunatus were successively isolated from diverse environments (Cui et al., 2007; Wang et al., 2008; An et al., 2008; Kampfer et al., 2010a Kampfer et al., , 2010b Tuo et al., 2016) . All of the type strains of these species shared the common chemotaxonomic characteristics of the type species Microlunatus phosphovorus described by Nakamura et al. (1995) , possessing LL-2,6-diaminopimelic acid in the cell-wall peptidoglycan, MK-9(H 4 ) as the predominant menaquinone and anteiso-C 15 : 0 , iso-C 15 : 0 and iso-C 16 : 0 as major fatty acids. Here, we report on the results of a polyphasic taxonomy characterization of another actinobacterial strain (CPCC 203993 T ) representing a novel species of the genus Microlunatus.
Strain CPCC 203993
T was isolated from a rhizosphere soil sample collected from Heilong mountain in Heilongjiang province, northeast China. The isolation medium contained (g l À1 ): cellobiose 2, yeast extract 5, CaCO 3 2, K 2 HPO 4 1, MgSO 4 . 7H 2 O 0.5 and agar 15. The isolation medium was adjusted to pH 7.2-7.5 using 1 M NaOH and/ or 1 M HCl. Aztreonam (25 mg l
À1
) and potassium dichromate (50 mg l
) were added to the media to prevent the growth of Gram-stain-negative bacteria and fungi that may have been present. After incubation at 28 C for 14 days, single colonies were picked and streaked onto newly prepared ISP 2 plates (Shirling & Gottlieb, 1966) until individual colonies appeared. Pure cultures were maintained as glycerol suspensions (20 %, v/v) 
Growth at different temperatures (4, 10, 15, 20, 28, 30, 32, 35 and 37 to 40 C at intervals of 1 C) was tested using ISP 2 broth and trypticase soy agar (TSA; Difco) plates by incubating the cultures for 14 days. NaCl tolerance was tested during a 14-day incubation in ISP 2 broth supplemented with 0, 1, 3, 5, 7 and 10-15 % (at intervals of 1 %) (w/v) NaCl. The pH range (4.0-11.0, at intervals of 1.0 pH unit) for growth was tested in ISP 2 broth (28 C, 7-14 days) using the buffer system described by Xu et al. (2005) . Cultural characteristics were determined by observing the growth of the strain at 28 C for 28 days on ISP 2, ISP 3, ISP 4 and ISP 5 agars (Shirling & Gottlieb, 1966) , R2A medium (Difco), nutrient agar (Waksman, 1961) and potato agar (Waksman, 1961) . Cellular morphology was studied using a JEOL JEM-1010 electron microscope (transmission electron microscopy mode) with cells from exponentially growing cultures on R2A plates. Before cells were mounted on formvar-coated copper grids (Electron Microscopy Science), the cells were negatively stained with 2 % (w/v) uranyl acetate for 15 s. Colony morphology was determined after 3 days at 28 C on ISP 2 and R2A media. Metabolic characters were examined by Biolog GEN III (MicroPlate), API 50CH and API ZYM test kits (bioMerieux) according to the manufacturer's instructions. Results were evaluated after incubation at 28 C for 48-96 h. Oxidase activity was detected using API oxidase reagent (bioMeri eux) according to the manufacturer's instructions. Catalase activity was detected by evaluating the production of bubbles on addition of a drop of 3 % (v/v) H 2 O 2 . Hydrogen sulfide production, nitrate reduction and starch hydrolysis were tested as described by Williams et al. (1983) .
Growth of strain CPCC 203993
T was observed at 15-30 C, pH 6-10, in ISP 2 medium with 0-5 % (w/v) NaCl. Optimum growth occurred at 28 C, pH 7.0, without NaCl. Good growth of strain CPCC 203993 T was observed on R2A, TSA, ISP 2 and ISP 4 agar, while moderate growth occurred on ISP 3, ISP5, potato agar and nutrient media. Colonies of strain CPCC 203993 T were smooth, circular, ivory-white in colour and 0.5-1.0 mm in diameter after incubation at 28 C for 5 days on R2A agar. No diffusible pigments were produced on any media tested. Cells were Gram-stain-positive, non-spore-forming, non-motile, coccus-shaped and 0.5-0.7 µm in diameter after incubation at 28 C for 3 days on R2A agar (Fig. S1 , available in the online Supplementary Material).
Catalase and oxidase tests were positive for strain CPCC 203993 T . Nitrate was reduced under aerobic conditions. Hydrogen sulfide was not produced. Negative results were obtained for the starch hydrolysis test. In Biolog GEN III MicroPlates, acetoacetic acid, cellobiose, dextrin, D-fructose, D-galactose, maltose, D-mannose, melibiose, raffinose, D-salicin, D-sorbitol, trehalose, turanose, gentiobiose, glycerol, L-fucose, L-glutamic acid and L-lactic acid could be utilized as the sole carbon source. In the API 50 CH strip, acid was produced from amygdalin, D-arabinose, celobiose, D-fructose, D-galactose, D-glucose, lactose, D-lyxose, maltose, D-mannose, melezitose, melibiose, raffinose, D-ribose, sucrose, D-tagatose, trehalose, turanose, D-xylose, erythritol, aesculin ferric citrate, glycerol, L-arabinose, L-arabitol, L-xylose, methyl a-D-glucopyranoside, methyl a-D-mannopyranoside, salicin and xylitol, while no acid was produced from starch, arbutin, D-sorbitol, dulcitol, gentiobiose, glycogen, inositol, inulin, L-sorbose, Nacetylglucosamine, potassium 2-ketogluconate, potassium 5-ketogluconate, potassium gluconate and starch. Other phenotypic characteristics are presented in Table 1 and in the species description.
Biomass for chemotaxonomic investigation was prepared by cultivation of the strain in shake flasks (150 r.p.m.) using trypticase soy broth (TSB; Difco) at 28 C for 5 days. The isomer of diaminopimelic acids in whole-cell hydrolysates was detected using TLC on cellulose plates as described by Lechevalier & Lechevalier (1970 , 1980 . Polar lipids were extracted as described by Minnikin et al. (1984) and identified using two-dimensional TLC followed by spraying with molybdatophosphoric acid reagent, phosphate stain reagent, ninhydrin reagent and anisaldehyde reagent, respectively. Menaquinones were extracted as described by Collins et al. (1977) and analysed using HPLC as described by Groth et al. (1997) . The extraction, derivatization and analysis of mycolic acids was determined with the Sherlock Mycobacteria Acids Identification System (MIDI) (Kellogg et al., 2001) . Cellular fatty acids were saponified, methylated and extracted according to the manufacturer's instructions (Sasser, 1990) of the Sherlock Microbial Identification System (MIDI), and analysed using gas chromatography, with the MIDI Sherlock version 6.0 and ACTIN1 database for analysis.
In the whole-cell hydrolysates of strain CPCC 203993 T , LL-diaminopimelic acid was detected as the diagnostic diamino acid. In the polar lipids extracts, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, one unidentified phospholipid and three glycolipids were detected (Fig. S2 ). MK-9 (H 4 ) was detected as the only menaquinone. Mycolic acids were not detected. anteiso-C 15 : 0 (40.1 %), iso-C 16 : 0 (34.5 %) and iso-C 15 : 0 (10.1 %) were found as the major components in the cellular fatty acids profile (Table S1 ).
Genomic DNA was extracted from strain CPCC 203993 T , and PCR amplification of the 16S rRNA gene was performed as described previously by Li et al. (2007) . The sequence obtained was compared with available bacterial 16S rRNA gene sequences from GenBank using the BLAST program and the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net; Kim et al., 2012) to determine an approximate phylogenetic affiliation. Multiple sequence alignment and analysis of the data were performed with the molecular evolutionary genetics analysis (MEGA) software package version 5.0 (Tamura et al., 2011) . Phylogenetic trees were reconstructed using the neighbour-joining method (Saitou & Nei, 1987) with K nuc values (Kimura, 1980 (Kimura, , 1983 and complete deletion gaps, and the maximum-parsimony (Kluge & Farris, 1969) and maximum-likelihood (Felsenstein, 1981) methods. The topology of the phylogenetic tree was evaluated by the bootstrap resampling method of Felsenstein (1985) with 1000 replicates.
The G+C content of the genomic DNA was determined using the thermal denaturation method (Marmur & Doty, 1962) T and 'M. cavernae' YIM C01117 within the genus Microlunatus, which indicated that strain CPCC 203993
T was phylogenetically affiliated to the genus Microlunatus (Fig. 1) . Meanwhile, the DNA-DNA hybridization value of 31.5 % (±1.8 %) between strain CPCC 203993 T and its closest phylogenetic neighbour, M. parietis DSM 22083 T , was far below 70 % (the cut-off value recommended for the delineation of genomic species), and the 16S rRNA gene sequence similarities between strain CPCC 203993 T and other members of the genus were all below 97.0 %. These data demonstrated that strain CPCC 203993
T represented a different genomic species from all the recognized species in Bromosuccinic acid Wayne et al., 1987; Stackebrandt & Goebel, 1994) .
The chemotaxonomic data, including LL-diaminopimelic acid as the diagnostic diamino acid, diphosphatidylglycerol, phosphatidylglycerol and phosphatidylinositol as the major phospholipids composition, MK-9 (H 4 ) as the menaquinone component, and anteiso-C 15 : 0 , iso-C 15 : 0 and iso-C 16 : 0 as the major cellular fatty acids supported the affiliation of strain CPCC 203993 T to the genus Microlunatus. Additionally, the profiles of the cellular fatty acids and polar lipids served to differentiate strain CPCC 203993 T from all of the recognized members of the genus Microlunatus (Table S1 ; Fig. S2 ). Furthermore, the physiological differences between strain CPCC 203993 T and M. parietis DSM 22083 T (Table 1) clearly merit the recognition of strain CPCC 203993
T as a representative of a separate species from M. parietis.
Description of Microlunatus nigridraconis sp. nov.
Microlunatus nigridraconis (ni.gri.dra.co¢nis. L. adj. niger black; L. n. draco dragon; N.L. gen. n. nigridraconis of a black dragon, referring to the Heilong (meaning Black Dragon) Mountain in China from whose slope the type strain was isolated).
Cells are Gram-stain-positive, aerobic, non-motile, nonendospore-forming cocci, 0.5-0.7 µm in diameter after incubation at 28 C for 3 days on R2A agar. Colonies are circular and ivory-white in colour. Growth occurs at 15-30 C, pH 6.0-10.0 and with 0-5 % (w/v) NaCl. Catalase and oxidase reactions and nitrate reduction are positive.
The tests for hydrolysis of starch and H 2 S production are negative. Positive for activities of acid phosphatase, alkaline phosphatase, cystine arylamidase, esterase (C4), esterase lipase (C8), leucine arylamidase, N-acetyl-b-glucosamimidase, naphthol-AS-BI-phosphohydrolase, trypsin, valine arylamidase, a-galactosidase, a-glucosidase, a-mannosidase, b-galactosidase, b-glucosidase and b-glucuronidase. The peptidoglycan type consists of LL-diaminopimelic acid. Polar lipids comprise diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, one unknown phospholipid and three unknown glycolipids. The menaquinone is MK-9 (H 4 ). The major fatty acids are anteiso-C 15 : 0, iso-C 15 : 0 and iso-C 16 : 0 . 
